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Abstract 
In this work, Bi0.85-xLa0.15HoxFeO3 (BLHxFO) nanoparticles with varying x from 0 to 0.25 were successfully synthesized by a sol-
gel method. The structural, microstructural and magnetic properties of BLHxFO nanoparticles have been investigated, using X-
ray diffraction, field emission scanning electron microscopy (FE-SEM) and magnetometry measurements at room temperature. 
X-ray diffraction pattern of BLHxFO indicates a phase transition from rhombohedral (R3c space group) to orthorhombic for x > 
0.1. The FE-SEM analysis show that the average nanoparticle size is about 50-100 nm and it decreases with Ho concentration.  
The magnetic properties including coercivity field (HC) and remanent magnetization (Mr) compared to BiFeO3. The improvement 
of magnetic properties may be attributed to structural phase transition by Ho substitution. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction  
       Multiferroic materials exhibit simultaneously ferroelectric, ferromagnetic and ferroelastic properties, hence 
they have both important role from view points of fundamental physics and technological application, Eerenstein et 
al. (2006), Khomskii(2006) Among them, BiFeO3 (BFO) has both ferroelectric (Curie temperature TC ~ 830 °C) and 
G-type antiferromagnetic (Neel temperature TN ~ 370 °C) properties well above room temperature, Catalan and 
F.Scott (2009). BiFeO3 crystallize in a rhombohedral distorted perovskite structure belonging to the space group 
R3c, Catalan and F.Scott (2009). The stereo chemistry activity of the Bi 6s2 lone pair plays an important role in 
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ferroelectric order in BFO and spontaneous polarization of BFO in along [1 1 1]c direction of an lengthened cubic 
perovskite-type structure. Meanwhile, it shows a G-type canted antiferromagnetic ordering along the [0 0 1]h 
direction, revealing a weak ferromagnetism, Tang et al. (2012), Ruette et al. (2004). Several research groups have 
been performed A- site substitution by using rare-earth (RE) ions to modify the multiferroic properties of BFO in 
recent years. Low-level substitutions of RE ions for bismuth have some interesting effects: (i) partial substitutions of 
RE ions (e.g. , Ho, Ba, Y, La) for bismuth help in eliminating the secondary phase along with a structural phase 
transition and improving ferroelectric properties of BFO. (ii)  the introduction of RE ions in BFO seems to suppress 
the spin modulation and improve the magnetic properties of BFO, Sen et al. (2012), Qiang et al. (2013). In this 
work, the effect of La and Ho co-doping on BFO for more enhancing magnetic properties has been studied. 
2. Experimental 
    The nanoparticles of Bi0.85-xLa0.15HoxFeO3 were synthesized by the sol-gel method. The High purity analytical 
grade powders of bismuth nitrate pentahydrate (Bi(NO3)3. 5H2O), lanthanum nitrate (La(NO3)3.6H2O), holmium 
nitrate (Ho(NO3)3.9H2O), iron nitrate (Fe(NO3)3.9H2O) were used as starting materials and were dissolved in diluted 
nitric acid in proper stoichiometry proportions. The tartaric acid and ethylene glycol were added as complexionand 
polymerization agents, respectively. The mixture was stirred at the temperature range of 50–60 °C for several hours 
to avoid precipitation and get a homogeneous mixture as sol. The sol kept at 80 °C to form the dried gel. To remove 
the organic parts, the gel was further heated and dried at 250 °C for 2h to form the xerogel powder. After milling in 
an agate mortar, the obtained powders were preheated at 500 °C for 1h, and leached with the nitric acid. Finally, the 
powders were annealed at 650 °C for 2h. 
    The structural analysis of the nanocrystalline powders was carried out using XRD (Bruker D8 Advance) with 
monochromatic Cu Kα radiation (λ~1.5406 Å) in the 2θ range of 10–90° at room temperature (RT) in a continuous 
scan mode with a step width of 0.05°. The particle size and morphology of samples were studied using Field 
Emission Scanning Electron Microscopy (FE-SEM, LEO 912 AB, Carl Zeiss SMT, Germany, 120 kV). The 
magnetic properties of nanoparticles were measured with the vibrating specimen magnetometer (VSM, La- keshore 
7400) at RT. 
3. Results and discussion 
     Figure 1a presents the XRD patterns of BLHxFO nanopowders at RT. Obtained patterns has been compared 
and considered with X'pert software related (JCPDS.No). This comparison shows that there are not any impurity 
phases as Bi25FeO39 (JCPDF-42-0201) and Bi2Fe4O9 (JCPDF-74-1098) in all samples. A small amount of Bi2O3 
impurity phase was detected that is due to oxygen vacancies. In order to investigate the effect of La+3 and Ho+3 ions 
substitution on the structure BFO in these compounds, we use tolerance factor (t) as follows: 
 
tൌ ሺሺ૙Ǥૡ૞ି࢞ሻ࢘࡮࢏ା૙Ǥ૚૞࢘ࡸࢇା࢞࢘ࡴ࢕ା࢘ࡻሻξ૛ሺ࢘ࡲࢋା࢘ࡻሻ                                                                                                              (1) 
    where rBi, rLa, rHo, rFe and rO are ionic radius of Bi
+3, La+3, Ho+3, Fe+3   and oxygen anion, respectively. The 
tolerance factor is near unity for ideal cubic perovskite, orthorhombic distortion occurs for 0.80൏ t൏0.89 and 
rhombohedral structure occurs for 0.89൏  t ൏1.02, Coey (2010). Since, ionic radius of Bi+3 (rBi = 1.17 Å) is 
comparable with ionic radius of La+3 (rLa = 1.172 Å) and larger than compared to ionic radius of Ho
+3 (rHo = 1.04 Å) 
can be concluded that tolerance factor reduce with increasing Ho content, Qiang et al. (2013), Song et al. (2014). In 
Fig. 1b, the doublet peaks in XRD pattern of BLH0FO around 2θ = 32° indicate that this sample has rhombohedral 
structure. This result is in good agreement with literature, Sen et al. (2012), Qiang et al. (2013). However, doublet 
peek merge to one peak with Ho substitution. Therefore, we can expect that crystal structure transforms from   
rhombohedral to orthorhombic structure. This trend is in agreement with decreasing of tolerance factor. 
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Fig. 1. (a) XRD patterns of Bi0.85-xLa0.15HoxFeO3 nanoparticles; (b) XRD patterns in range of 31-33° 
    Figure 2 shows the SEM micrographs of BLHxFO (x= 0.00, 0.1, 0.15, 0.25). The morphologies show that the 
grain size became smaller than 62nm and surface density became large with increasing the Ho content for the 
BLHxFO system. The decrease in grain size may be attributed to difference in ionic radius of Bi
+3 and Ho+3.  
 
Fig. 2. FE-SEM images of Bi0.85-xLa0.15HoxFeO3 (a) x = 0.0, (b) 0.1, (c) 0.15 and (d) 0.25 nanoparticles at room temperature. 
Figure 3 shows the field dependence of magnetization of BLHxFO nanoparticles at room temperature. The 
magnetization curve of sample with x = 0 indicates weak ferromagnetism behavior. It can be attributed to destroying 
of the cycloid spin structure in BFO with La substation as reported previously by Sen et al. (2012), Basiri et al. 
(2014), Srivastava et al. (2012). Also, as shown in Fig. 4, magnetization is further enhanced by Ho doping in 
BLH0FO. Two postulates exist for increasing of magnetic properties in Bi1-xLaxFeO3 with rare earth (RE+3) ions 
such as Dy+3, Pr+3 and Er3. (i)  Modifying exchange interaction due to decreasing of Fe-O-Fe bond angle that is 
the result from the distortion of lattice and spin structure. (ii) Modifying exchange interaction due to nonzero 
magnetic moment of RE+3 ion that create a ferromagnetic exchange coupling between 4f of RE+3 and 3d of Fe+3. 
Similar behavior had been also observed in Bi0.8-yLa0.2PryFeO3 compounds, Srivastava et al. (2012).  
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Fig. 3. Magnetic hysteresis loops of Bi0.85-xLa0.15HoxFeO3 nanoparticles at room temperature. 
 
4. Conclusions 
    Nanoparticles of Bi0.85-xLa0.15HoxFeO3 (x=0.00, 0.05, 0.10, 0.15, 0.25) has been synthesized via sol-gel 
method. XRD pattern of BLHxFO samples showed a phase transition from rhombohedral to orthorhombic structure. 
A considerable enhancement in the magnetic properties of BLHxFO compounds was displayed with Ho content. 
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